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The  investigation  of  the  penetration  of  solar  radiant  energy  into  a water  mass  /19: 
is  lnportant  in  the  study  of  the  thermal  regime  and  heat  balance  of  bodies  of  water 
and  of  the  photosynthesis  processes  occurring  therein. 

Underground  irradiance  data  published  thus  far,  obtained  by  means  of  an  under- 
water pyranometer,  characterize  mainly  bodies  of  fresh  water. ^ Considerably  fewer 
measurements  have  been  performed  in  seas:  in  Kandalaksha  Bay  of  the  White  Sea,^ 

Pevek  Bay  in  the  East  Siberian  Sea, 3 in  the  Kara  Sea,^  and  in  the  Black  Sea,  where 
the  most  detailed  data  were  collected. 1*5-7 


"In  the  Pacific  Ocean  (in  its  central  part),  irradiance  determinations  were  made 
with  an  underwater  pyranometer.^from  May  to  July  1965  (37th  cruise  of  the  research 
ship  VITYAZ ' ) . The  measurements\were  made _at  13  stations  (see_fignre)*>  A total 
of  32  series  of  measurements  were  performed  under  ^TTTgr'ehf^cfoud  cover  conditions, 
heights  of  sun  from  20  to  74*f^l3ea  states  of  3-5  points,  relative  transparency  of 
seawater  (using  a white  disk)  at  30-60  m and  water  color  Nos.  I and  II  on  the  standard 
scale.^The  thermal  battery  of  the  underwater  pyranometer  had  a sensitivity  of  about 
cm2 


30  mW  cm2  min/cal.  The  instrument  was  mounted  on  Cardan's  suspension, 
of  the  ocean  surface  was  measured  with  a standard  pyranometer. 
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Schematic  map  of  stations  (closed  circles)  with  underwater  actinomctric  measurements 
in  the  Pacific  Ocean. 

Arabic  numerals  near  black  circles  indicate  station  numbers. 


Numbers  in  the  right  margin  indicate  pagination  in  the  original  text. 
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The  recording  instruments  used  were  an  EPP-09  strip  chart  recorder  and  an  M-194 
microammeter. 

To  characterize  the  highest  absolute  values  of  irradiance  (cal/cm2  min)  at  dif- 
ferent depths,  maximum  values  were  selected  at  10°  height  of  sun  intervals 
from  observational  results  obtained  under  a cloudless  or  slightly  cloudy  sky  (Table  ). 

Comparison  of  these  values  with  maximum  irradiance  values  in  the  Black  Sea^ 
(relative  water  transparency  >10  m)  showed  that  at  depths  of  5,  10  and  15  m in  t e 
Pacific  Ocean?  the  influx  of  solar  energy  is  approximately  2 to  4 times  greater  than 
at  the  corresponding  depths  in  the  Black  Sea.  The  values  of  these  ratios  increase 
with  depth  at  all  heights  of  sun  (Table  2) . 
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The  maximum  relative  transparency  for  the  Pacific  Ocean  was  determined  to  be 
60  m (close  to  the  transparency  of  the  Sargasso  Sea  and  central  Mediterranean)  in 
the  Samoa  Islands  - Kuka  Islands  section  (st.  5392).  The  minimum  meast .red  trans- 
parency, 30  m,  was  observed  in  the  Manuae  Islands  - Hawaiian  Islands  sect  (.  . 
5426).  The  penetration  of  solar  energy  into  the  water  mass,  expressed  in  Percent 
of  the  energy  incident  on  the  surface  (for  the  same  height  of  the  sun)  at  tlu.se  Lwo 
stations  is  given  in  Table  3.  According  to  this  table,  the  arrival  of  solar  c^y 
at  a depth  of  50  m in  the  transparent  waters  of  station  5392  was  8.4%,  and  at  sLation 
5426,  with  less  transparent  waters,  only  1.5%. 

In  measurements  of  irradiance  in  the  surface  water  mass  of  other  seas  a value 
of  6 7 was  recorded  in  the  East  Siberian  Sea  (Pevek  Bay)  at  a depth  of  3-4  m,J  in  the 
tfe  s“  (Pyr’ya  Gulf)  at  4 „,2  in  th.  Kata  Sua  at  25  and  off  eh.  Crtauan  and 

Caucasian  shores  of  the  Black  Sea,  at  a depth  of  15  m.  » 
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Decimal  Indices  of  vertical  attenuation  a (Table  4)  were  calculated  from  a 
formula  given  in  Ref.  8 on  the  basis  of  measurements  In  the  Pacific  Ocean.  The 

minimum  a values  were  0.006-0.008  m \ and  the  maximum  ones  were  0.030  m 

Mean  values  of  this  index  for  the  water  mass  from  5 to  40-70  m are  in  the 
0.011-0.23  m-1  range. 
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According  to  published  data,^  obtained  by  means  of  different  types  of  submer- 
sible photoelectric  underwater  irradiance  meters,  the  minimum  a values  for  the  most 
transparent  ocean  waters  are  0.007-0.008  m-1;  on  the  average,  for  ocean  waters  0.02-0.03  j 
m”l.  Thus,  values  of  the  vertical  attenuation  index,  measured  by  various  detectors, 
are  in  sufficiently  good  agreement,  this  being  natural,  since  the  long-wavelength  j 

radiation  to  which  a pyranometer  is  sensitive  is  absorbed  by  the  upper  layer  of  water.10 


In  studying  both  radiation  and  photosynthesis  processes  in  the  sea,  of  major 
importance  is  the  determination  of  the  diurnal  sums  of  solar  energy  reaching  a given 
depth.  However,  they  are  not  easy  to  obtain,  since  measurements  at  different  depths 
in  the  course  of  a day  are  difficult  and  require  a long  stay  of  the  ship  at  the  station. 
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Note.  Columns  1-4  show:  radiant  energy  per  day  (1),  cal/cm^;  irradiance  at  midday 
(2),  cal/cra^  min;  values  of  the  ratio  Q /Qn  per  day  (3);  Q /Q.  at  midday  (4)  in  percent 
at  different  depths.  z 


Table  5 gives  the  results  of  observations  at  stations  5406,  5433  and  5441,  which 
showed  that  the  ratios  of  solar  energy  that  had  penetrated  to  the  same  depth  to  the 
energy  incident  on  the  water  surface  according  to  observations  during  the  day  (Qz/Qq 

day)  and  around  noon  (Q  /Q_  noon)  were  approximately  the  same.* 

Z u 

-»  The  identified  correspondence  is  explained  by  the  fact  that  the  dependence  of 
the  coefficient  Qz/Qq  on  the  height  of  the  sun  is  appreciably  manifested  at  small 

heights  of  the  sun  (when  the  influx  of  radiant  energy  amounts  to  an  insignificant  / 

fraction  of  the  total  influx  per  day) , and  only  in  the  upper  levels.  This  dependence 
is  already  almost  undetectable  at  5 m in  the  Black  Sea  and  8 m in  Lake  Sevan, H and 
the  value  of  the  coefficient  Qz/Qg  remains  practically  constant. 

Therefore,  with  the  hydrooptical  properties  of  the  water  masses  constant,  the 
calculation  of  the  solar  energy  penetrating  to  various  ocean  depths  during  one  day 
may  be  performed  approximately  by  using  one  series  of  measurements  with  an  underwater 
pyranometer  around  noon  and  measurements  of  surface  irradiance  made  with  a surface 
pyranometer  during  one  day. 
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